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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the chip area. 
SOLUTION: The semiconductor memory comprises a 
memory cell 10 using a magnetoresistive effect element 
1 1 comprising a first magnetic layer, a second magnetic 
layer and a nonmagnetic layer as a memory element, 
and a peripheral circuit 20 for controlling the memory cell 
10. The semiconductor memory further comprises a first 
circuit 12 at the memory cell 10 paired with the 
magnetoresistive effect element 11 for each cell and 
reading/writing information from/in the magnetoresistive 
effect element 1 1 , and a second circuit at the peripheral 
circuit 20 for controlling the first circuit 12. The second 
circuit is provided, at least partially, in a region beneath 
the memory cell 10. 
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1 1 * l ^attJf , » 2 <oati/f , ^ffitt* 

HE»i«>B»*tyiPi'*mEJBjaiii»»o*2oiBi« 10 
iw** 2 ] & i ottttn. » 2 vm&m. &m®m 

14 2 EttoWfMBttKlt. 
[»M4] T»|B«5 2 0|IItt»4, ^4 < it TKV'^ 

w*« 1 xt* 2 e*o#*#E**«o 

[iff 5] ffE£2 < t SBttftrE 

-r « 2 E«0^*#E1S^«o 
[W*S6] i»E* 2 ©@I*©E»i 

h»uu trEa^is^a**?*^ 40 

fc1-*fll*a 1 X«4 2 E*©**#E*S61to 
[1R*#7] UE>*V"fe^»«>T«ffi**»^lltrE> 
* V -t ;vgB^S6^t-5 1 # ffi £ *tfcffEI3B t . 
ftTEIIB&t h**^Lr»«»*rfcE«Wi:S: 

frEE^Si4frE^ 1 ©ESSIES® -C^JifcStU t&E 

a > * 9 y m jifljEa^taa***^^®* s ^-s - £ 

£#® ttSSl*« 1 X(4 2 ElfcO^MHMEIf *«<, 

[nt*$8] «rE««att:»** : ?-»w»ai-*i!fE* 



2 

ME* 2 OEI8&©® 2 <0E*§U1 t £ £ <b KAffi L, 
UE* l ©EiBUBWL S I *fllj£i-4B*UlO*±Ji»:: 
Efi£*u flfE*2©E*»li1»E*l<&B««T^tt 
E* * U -fe>HBn*cE***L*i t £#gu-f aw** 

1XB2 E«0***E**Ho 

[i»*g9] tBEKS2©E«Uitt, *E*l«>EaUi 
TwtrE^^e'J-t^SBrt^E*^^ itfrE£ 1 <r>m%h<n> 

[BtSlO] li&E#2«9Ei8l€»4> T KU^SiRt? 

[0 0 0 1] 

mm<r>M,1ri>&Mfrm *H^«4, 3MN£Ef6f£11K 
f&frtK #tr h >*;H»^«tn;Sb* (TMR :Tunnelin 
g Magneto Resistive) SH^EfitfR^i: UtIi'VcS 
StEISS&fll (MR AM : Magnetic Random Access Memor 
y) 

[0 0 0 2] 

iS*, ««E**^-.i: LT, aft&ftSb 
*S-flJffl LfcMR AM (Magnetic Random Access Memor 
y) ^^e")^i)Vifi^.%^flX^h 0 £ ©M R AMI4, 4" 
^F«§&tts JS^Stt, JS««14, ^SS&ffc*5fcfcfiS 

[0 0 0 3] «*USttab**?-K«i* ±CGMR (Gian 
t Magneto Resistive) f-f t TM R (Tunneling Magne 
to Resistive) 2 cxoSH^fcl <b *t"C v>£ 0 GM 

trv<oi6j§icj: *)mt-tz>n$k*^iirh 0 l^l, gm 

R^hP^MR (Magneto Resistive) Jtt4 1 0%JW.Tt 
So — TMR*^t4, 2 OO^SBEtte i: Z-tlb^lW. 

SM^W^o iOTMR»^--CI4. Sffi5 0%J3L-h 
OMRJt«-?t«1--6-i:d ? nrEi*oT#rv^o 
[0 0 0 4] HI 2 0 71MH2 2 J4. ^S*S^4STM 
R* ; ?**i-4^*»4**fltE**« , C*fJ^ 

[0 0 0 5] 112 0 (A) 14, mi C0^*^«tc4^# 
M#%l&M<Z>¥W® 4:*1-o EI2 0 (B) 14, H2 0 

(A) <onB-nB«nc»ofc**flEE**1to»rEH 

TMR^^e^l-S^^^^V^^T-irMOS h7V 

[0 0 0 6] E12 0 (A) (B) izm-fZll'. MvY 
B.1 3 t m § 7 - KIR 1 4 t j&*S.v> tCjt^-T -6 4 ^ 

HCTMRf?! l^Ef SitT^^o -OTMRf 
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3 

^•i ii2, ±&mm (mm-^-r) zfrtx^y mi 3 
izmmzn, Tfem@7 os^>?^ H38 

TMOS 3 5lC«ic^tLTV^ 0 f Lt> 

;©MOS h7>->*^?3 5<7)r- hSS3 3* J |%^ai 
L7- mK£oTV>£ 0 TMRlf 1 1(2, 

Tarns? o izmm-r z&m&mvmimmm 4 1 t, 
±si5m@^^LTtr-> mi 3 izmm-tz&m&mvm 
^mmm 4 3 1 , £ ft t>&-ft@*Ji 4 1 1 sg^fei^ 4 
3 1 iz&ttifz&m&mv v > 4 2 tt-M 

[0 0 0 7] Z<D£7%¥mmmMW.X'ii., £lT©i 
[0 0 0 8] «8-ffc@*@ 4 1 l2«8«f2#iUf 4 3 2 <0 

tt*OS«-fe.'MC'|f$&£#§;Xtf*§-&, ffi^K»Ji4 3 

ti: J: oT, TMRff 1 1 
( . <• 2 " „ "0" t*$gOV>-f tL^O^^lfi-b^lc* 

£<OI£, ffift<aiI2R-fc;Wl'fl§$6£##&tj' 20 
KI2, «ffi2#<£>#£&«m (fcf-;> mi 3, 
7- FS14) ^fflv^T, -?-<?52*O#§ii<^||(0^ n 
*#>f > h SB<D^C0^fB^ 4 3 0^b^[6]* J Rei- 

[0009] -tj, ss^ieia^ 4 3 (omttjjfatfmitm 

m4 2<Dt&m±mi>&< & u.mzm%v>mt%$\tf 
g.*nztt^tztziz h >*)vm&m4 2<D^mtm^^ 

<ttho ^i?, TMR*?1 1 £*1-fl!l:^<b&tr±g|$m 
^^35^*17 0 *^LT±Ttc ffig ZtiZ 2 *<75BB 30 
Si>t)TMRf^l 1 £ Ml" £7Jfa SEl"- t 

* 0 i *uc «t *) , - i " , " o " wit mmvimzmjE. 

[0 0 10] 112 1 (A) ti, m2<7>&$k&ffiiz£Z,¥- 

mmm%n£.<v¥-wmzm-?o 021 (b) b, B2i 

1*^1-0 z<D%2<D$t%:&ffii l z£2>¥mmmgim 
t±, TMRtfi 1 k&^i-*;*.^ y^->vmnz^m. 
mi (^Jx.ii*p nm&yj*- k) 1 24-fflv^c«itT- 40 

k it m * m $ & tf tz tb <om # t nt#g tB -r 

^46<75^<^ffi LE&l2v>-ni. *) , 7- mi 

4 b fcf 7 mi 3<0 2*<0Be^O*T-|fig<D#§iX* • 

m.®.*mm Lxm^-t^n^izmn^m^^ ■ m^-ta 

L**T-^^ J: -? ic, 7- KitMl 1 4 ttfy mi 3C>epiD 
/ < 4 T * i Z it ? tiffl® -t 2, &m 1?*> -£> o 
[001 1] 12 2 (A) »2, % 3 <D$t$it£ffiHZ 2 50 



4 

«#ieiS^fi«0¥®ll*^1-o 122 (B) fi, 12 2 
(A) <0XXIIB-XXIIBimci&o£*^#!£1t§£«0#f 
®l*^-f 0 £Og3 0&*ftffiK2*¥g#ieiI2sgB 

ii, m2<n>'&*tfLm\z£z>*mtesim.$iW.tmt< 

fX-b&o i^«itJ2, &m.m? 7-n-tr 

LtinzmiR-tfrLmn-tKiz i>w.mt t v&tix Ltitz 

^•C»2M<^ttiL7- mi 4 b t#§ii*7- mi 4 

&<D2**m^x'M$i*)i>\zmm-t) i m£SLiii-, \£-> y 

^1 3 tl*ffiL7- mi 4 b<0 2**fflv>TlS?-t 

^ii^^Ko^ *> i*/itt*-*atcLT, -g-n-3*oee^ 

[0 0 12] 

[H^^^LJ: d ti--&lia] liL±OJ: o ^rffi*^ 
{Cj:>&^*#IB1f.^B-CI2, 12 3 K^-fi d > * 

';-t;usi5i o t .KSM^-'j-fcjvgBi o s-tuffli-r^^aii 

S§§B2 0 i:^t,^-5. 0 i O^StaK^ 2 0 <DHS&«2^ * 
U-b^SISl 0<7)^ffl|<DfIittc@E«$n4 7ti6, ^*'J-tr 
;VSB1 0rt^(2TMR*T-l 1 iJJ:^^ -.y^V^SST- 

[0 0 13] iO^*!), 12 0 K^-tJ: -9 » 1 <0tS 

*S«ic«t^**#:lfi1l^gr-i2, >^e>;-t;L-g|5i oi*) 

7t, 12 1 , 12 2 tc^i-i i (C, ^2, »3<D^*ft 
«(Cj:i^#:feilSM-C(2, 'J-t;i-gBl 0 <DTS 

^tc^-r-i> 3 o mm^mmi id-mma. 

LX^tzo •roi^ic, 4 5 (2, MR 

tZo 

[0014] *&mi±±tzmm*M&:i-z>tzit)K%zti 

[0 0 15] 

[iSM^»*-ts^*!)o#^] *s&eiii2, itFiegw^ii 

gg-t ^ it> iz JiJLT K * m v» T V>S 0 

[0016] *&m<r>m\ <n%L&\z£z>¥-T&mm.mw. 

J2, m 1 omtt^, ^ 2 <0«B14Ji, < t 

&®&ut*ffiz.tz*mfcummw.x'3b-z>x. l-b^fe 
$±mmnzmWi<v*f §^*x»2R*m l ^ fri2> * 

IB®i22llKSB0^2 0|E]f&t^*«-t^ 0 -?-LT, Mte 
» 2 OEli&O^fc < t <>-gBOtlIE&(2mffe>^ i ;-tr^fB 

vTm>mmzmw.ztLx^z>ztzftmki-z> 0 
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[0 0 17] *§£W<Dm2<D&gJZ£Z*mm?.WMWi 
t^ot, lHr^«*wi»|B«««tt»*K?-i:Jt-CE« 

^ii]^^$ijfflii-^«rresi3iiKSBo»2c7)[iis&^> its 

ESS 3 OE]KO/>^ < t i-SBOUK^IufS^^y-tr^ 
[0 0 18] ttTEJKl ^4 < * fcSEflEX^X 

[0 0 19] tfrE> ^y^SBOTffi^^HJiE^ 
'J -fc ;i/»o^ffi««^5 1 & ffi $ iifcttEBB k , ffiEE 
B&fcnv** Mit^LTSf«SitfcE««i:«r$feK 
JMiU »BEIIUBttlttE»l«H*OE««-C»j«S 

[0 0 2 0] ItfEa^SSt***^ *-««Ei-**E» 1 
(OB^l^i^ ffirE*2 0EK0JS2 0E* 
|ti??)i:*«U IJE*10E»l»iLS I *«Jft 

Eft 1 <0E**TG>tfrE> U -fe*«rt KEH S *LT t 
j:v> 0 ::r% *E»2 0E»itt. »E*ioE«i 
TOt&E^ -tU-lr^ffirt^EaSii, fltTE* 1 <OU&<D 
E«»"C»Jft**L& i Lv^ 0 
[0 0 2 1 ] 

(TMR : Tunneling Magneto Resistive) ^iP£EH 
ff^ttfflv^:i^Efgf (MR AM : Magnetic R 
andom AccessMemory) t:5§t^i<7)t*^o COMRA 
MTIi, TMRff ^V*^"? h V 

JC«»«E11Lfc>*U*^T l"tmikt %^X& *K 
£ co p< y -t ;v r w -f <£> a is T n - ^ K. ^ -fe > * El K 
^4>jai3iaf&«&*Ktt, fito-t;w:7>n7^^ 

[0 0 2 2] *5SWO*J60»«*jaT^iaffi*St.HRL 

[0 0 2 3] [*10«Jt«K #10HJfc®S8^«4 
1 TMRf^+ 1 ^-f KfflO-fe>H*a 
[0 0 2 4 ] BHt 1 ^Hifc®!ffi^#** 



1 OHJfi»»^«***#E«3S«^fflja@ 
KSBO^ffilU^^i-o H3U\ UK H2<OIII-IIM8. 
jc?&o/c**#E«a6«0«B&W»WfffiHSr*i-o 
[0 0 2 5] UK EI 3 H^i" J: 3 * 1 OHlfiUgffi 
KflU*S#E1tSfiO>*y -feii/SRl 0li> TMR* 
?1 1> p nSWt- K12> e^«13, 7- 

hflll 3i7-K*ll 4fc3J t EvMiit5Ei"**^ 
io ^hy^jMKKSMWKEItSi'U i*i^vf^h»13 
£ 7- K»l 4 ^^^jftlCTMR*? 1 1 **E«S 
*i£o £<DTMR«T-1 1 l -tr;vfetcp n 

Kl2liTMR»f 1 U7-K*14 *i*o 
[0026] 12, El 3 itzmir i^:, » l oHJfcJBSI 
(c«-&**#E«K«^aia®tt«2 0O-SBtt^ 

[0 0 2 7] 0Bx.tf, H2i:/7ti:^ jgi2E]&§S&2 

o^)*7^^iaK^— aw^y-fe/HB 1 o^Tfeii^ 

20 tElSft, /Si2IUB&SB2 OOo^MKW^'J 
SB 1 0*>*M5S*KE1t*ii*o -fftte^. *7A*I 
fcf ? h flueitr K7>y^^2 l > «iSiEiBlXt/ r »J& 
E*2.2, *7A7KW»2 3, *7^f3-^24 
a»>*y-fe^»l 0OT»S«t:ElS^So — * 
7aiBO-t^7>-/lR2 5, n-)^||K07- 
K«iEftb9>v** 2 6. D^fn-^2 7. u'*T 
Kl/^E«2 8^^*y-fe^»l O<0ttSB^«KESS 

[0 0 2 8] 1213 IZTF^-X v IZ^ *m&& 

30 S30 Kamwt 3 1 1 m^mm^ 3 2 1 n^m * *t 

So :^t?«*3 l<7)**ff*«3 0_LtC^-hm® 

3 lfii:v-VKM >i£tfe@3 4* t «J«S*t*o - 
MOSh7>y^^3 5**3&fltS^ ClOM 

0 S h 7>'>^^ 3 5#«iLtf^y MJUgtb h 

? 2 1 £&£o Sfc. ^*#S«3 0±OfH«iI3 
6ftlZ \*m&m 3 7 #J^«: £*U - ^EHi 3 7 **0J x. 
tfm»E«arf»*E<L2 2 ii&o -€-LT. 
|37 iV-^/Kl/'f Vffi«cJB3"4 i#*1^3>^ 
40 ^ 8-Cft«**L. E^3 7t7- K*R1 4 t*« 

SEttXtfttttE* 2 2 tf y h flLKHr h 9 > *JX * 2 

1 :<Olf7 h«&|gffil h 9 >*JX9 2 1 

^1B)J^®ftL^7- K»l 4tcii " 1 " . M 0" 
[0 0 2 9) ^t:, TMRX^llOfllil^tRS 

so ^4<.it3i*C***Ji4o TMRl^l 
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[0 0 3 0] 14 (A) , 114 (B) li, l*h>*;v 
[0 0 3 1] 1114 (A) C^tTMRtfl Hi, f V 

yu- m i ok mmsmnm 102, samtt® 1 

0 3 , sfeasttv 1 0 4 jpjhkim s fitzmm^m 

4 1 i^JS-ffc@lfS4 1 ±\zM&Ztitz h 10 

105, m&m 1 0 6 m&\zmmztifzmsMMam 4 3 

[0 0 3 2] mmz, H4 (B) K^tTMRS^f-l 1 

n, us 101, *B«?s«si±^ 102, Km 

m&m 103, saa^i 104', mtitm 1 o 7 , & 
mm 104" **jKi-»s$*i3tfi8<bB^S4 it, : 
(Dmmmrn 4 1 ±^msl s ft* h > * ^©-g-e 4 2 
z.<d h y^jvm&m 4 2 ±wm&m 105' , # 

ftt£JI 10 7. BttttJI 105", 1 0 6 *»JHC 20 

[0 0 3 3] i©!4 (B) (C^-rTMR*^ 1 

1 Tli, *8<ffcH5»Jf 4 1 f*|C03£i&14l 10 4'.. 

iio7, &m&m i o 4." frbtt* zmrn ^st. 

fEUUf 4 3 F"30^«t±B 10 5', ^«B1*fcJf 1 0 7 , $ 

m&m 1 0 5" ^e>&* 3S*itt 

114 (A) Kjjr*"TMR*^l UH, S£«&i£t*lgBcO 

[0 0 3 4] H5 (A) , H5 (B) H, 2*h>*;V 30 
»-fr#i6©TMR*^©WEH*^-*-o JttT, 2IF> 
*;W&^#jtC0TMR*^l lKov>TRWti. 

[0 0 3 5] §5 (A) K^-fTMRjS^l 1 «i. x> 
7"V- H101, «J»!^fiSt4« 10 2. 1 

0 3 . &mi&m&m 1 o 4 **jstcae s 1 <?5»ft 

S**4 1 a t. £ CO& 1 <omm%m 4 l a±KJ£j3§; 

ztitz% i <o k >*)um&m 4 2 a t. i <o h > 

^^14 2 a±K3g«*fi.fc«*tlBj|Jl4 3 t. £ 
OttAfSflW 4 3 -t tcJ^fiSc $ ft Jfc & 2 <0 h > * 
42bt, i©i2©hV*.JVS^l4 2b±i:i$ai 40 
81£f 10 4, H3£«Bt£Jl 103, 40j(j93fcei£V 1 0 

2 , i o 6 &mizmmztitzm 2 commmm 4 

1 bi#t,«. 

[0 0 3 6] 115 (B) KftTMRS^-l Hi, x > 

yv- vm 1 0 1 , mm&m&m 102, K5i«Bt£« 1 
0 3 , mmsm&m 1 0 4 4*mc«m * ass 1 <r>mtm 

•14 1 ai, £0*1 0«E<ffcHJ*Jl4 1 a±K®*S 
ilt^l©F>^^i4 2ai, :^1©F>^ 
4 2 a ±KBW8tt« 4 3'. ^fiSttS 107, 

sb«tt« 4 3 " <o 3 mmmiz * xmizmm s so 
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IBftS 43t, I OSAEflil 4 3 _t K $ fife* 2 
CO h > * ^&£-Jf 4 2 b i: , £ colS 2 co h > *)\,&%m 
4 2 b ±K3£«Hrt£S 10 4', im&M 107, SaJSI* 

iio4", &9*&e« 103. ®mim&m 102. 

1 0 6a*«K»«3*tfc*2©«'ffcB#Ji4 1 b 
[0 0 3 7] »H, icoH5 (B) K^-fTMRIf^- 1 

i -eii, flB^ee* 4 3 zmi&i-z&m&m 43',^ 

fiB&l 10 7, 3£flBtffeS4 3" C0 3Jffltit£, ®2<0m 

-fta»i 4 1 b Aoa&ttJf 104', umb^ii 1 0 

7, SfefiBtt* 10 4" 3 JMlit 

tf, H5 (A) CftTMRf?l 1 ± >J <b, 3£«Bt£ 

rt»oa«<05644:«I«IL. i »>**HI:C*Lfc4r/HII 

[0 0 3 8] iOIH21hV*^ig©TMR 
Jflltffl^iiiKioT, lfthV^A'tfrMHt 
cOTMRSf^-l 1 4rfflv»fc»-fri:JtttLT, R| C^»^< 
-< TXiQltaLtzb §OMR (Magneto Resistive) it 

( " 1 " - 0 - *m<oim,<nmtm o>mup& 

[0 0 3 9] icoi^^iSh>^;w«^-*iiX(i2S 
[0040] mtmmm 41. 4 1 a. 4 1 bRirm^ 

I2SUS4 3 0W*Hrii, Fe, Co, N i Xli 

r 02 , RXMn03-y (R ; #±S. X ; C a, B 
a . S r ) * i'coffiHfc'tlcDte. NiMnSb, PtMn 

v^o 4fc, itt^^Ett^t'li. Sfc«tt***>*v»*»r 
•9. Ag, Cu, Au, Al, Mg, Si, Bi, T 
a, B, C, O, N, Pd, Pt, Zr, I r, W, M 
o, N b *f C0*fiStt%***#^-S-t'tl.TV»T'biV» o 

[0 0 4 1 ] fiBrft@£J! 41. 41a, 41b co-gg^ 
^-T-SS^ttl 1 0 3c0#«-tr«i, Fe-Mn, P 
t-Mn, Pt-Cr-Mn, Ni-Mn, I r-M 
n, NiO, Fe2 03 4:if*fflv^iti«jff4LK 

[0 0 4 2] h>*^14 2, 4 2 a, 4 2 b COM 
m\Z\*. AI2O3, S i O2, MgO, A 1 N, Bi 
2O3. MgF2, CaF2, SrTi02, A 1 L a 

hvmnmzu, mm, mm, y ymxm^^Lr^ 

[0 0 4 3] 116 (A) li, t£5fc&fi5KJ:£MRAM^ 

vyvw-mmzm-to 16 (b) u, *&w<7>mi<om 

W!&miZ2.i>MRhM1-7 7'<D¥-Wm*7F.-?o ll 7 
(A) ti, U6 (A) COVIIA-VIIA&Ki&ofc&Jfcco 

MRAMf-->7*c0®f®lI^^1- o 17 (B) li. 116 
(A) OVIIB-VIIB«lC?&ofc* 1 <r>mmMWJZ^i> 
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loo44] ±e* i n&KM&K x fti* , m&m&n 

fcJ§j2I18&8B2 0 ©BKO^lt, /§j2[I]S§&&2 0<DS 
BS^^/KIJo -€-<o^*, MR AMf yroii* 

[0 0 4 5] "t^*,, i6 (A) IC^-T J: 9 K, MR 
AMf v 7"*±, <fl"»fC^* , ;-fe^»l 0 t/SaH 
ftffi2 0 t 07 (A) IC^-fJ: } K, {£ 10 

Jfe, >^';-fc;V»l OOTgEH^Ii^feffi^fLTV^v^ 
JX'*-* 4 5OT?£LTV>7t 0 fit, IS 1 CD^Iii&JgSi 
VZttiM. 07 (B) KjjrtJ: ? K, &5fc<£>;*^-*4 

l]g&g&2 0<?5|!?&<9— a$£@Sfi£-£*o i^CioT, 
> * -tr 1 0 oT§5fii 5 taffiI £ ft,. 0 6 
(B) K^-fi^K, MR AMf7 7"<D®«£ St/hi" £ 

[0 0 4 6] Sfc, >*';-b;WgBl 0 <0TS6^«t:Befi 

?^-&^jaiiKSB2 o<oni8&t±, jaamK^^-ifi^n 20 

-6 W -^-£fflv>T®j£T-£&„ KoT, ESSft&SI 
7"a-b;*.£*f^f «J&K*ft< , h*i;tJD<9j3*-ft>b& 
[0 0 4 7] >*>J-trA<gB 1 OOTSB'hWcKES 

sft&ssias&g^ o<73ni&tiiii2 ic^i-m^tcffise? 

ft-f, U -b^SB 1 O^S&^&KEfiSftfc-t 
7>yiSS2 5 KSUgf&h 5 2 6^<9# 

iii^EiSUB K7-0<4r >^';-t ;vgBl OOTSB^&K 

[0 0 4 8] [»2©HJ6»»] *2 0H*Jgi!IC«* 

[0 0 4 9] 0 8 \U *&W<D% 2 ©hmsjbibc*** 

KSB^^BB^^-to 0 1 0I±, 18, I9<OX-Xii: 

[0 0 5 0] 118, 01 0 tc^-tJ; o K, ^2<OHJft® 
$K#£#£#E1I^a<o^*'J -t^SK 1 0i±, TMR 40 

1 , Ify M&l 3, #§&*7- mi 4 a, Ik 
*mL7-K*14b*f>1llfiSft4. COt'JW 
gB10T-li, f-j hill 3t#IMV-mi 4 at 
i»Sv»KEX-t4 i^^l''^ *ttKJSJWttKE1IS 

ft, iftibtfymi 3 ttiMy- mi 4 a <o& 

^WX^CTMRff 1 li*El$n4. fcf * h 

ttl 3 Jft^fTMRI^l 1 QKttflKli. \£y h& 
1 3 tlBLt, #§i£*7- K*l 4 a b.\B.3£'i~2> £ 
7 Kg&*tiiL7- K*l 4 b**E«S*t*o 
[0 0 5 1] H9, il0t:*ti?i:, f 2<olfti so 
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*'J-t;vSBl 0<9TgB$S*£KEfiSft&o 
[0 0 5 2] fllxtf, 0 9 K^1-«fc 9 t*, ^3[l]S&gfl2 
0<D#-7 A^HB&cD— gB^^^V-t^SBl 0<OTSB*g*£ 
KE«$ft, Si2llKge2 0cDn^^EK* J >^';-t;w 
SBl 0<o*1-gB$Ii£KE«£ft&o -r&fc*., 
j&W k* 7 h&fBlb l>7>y^?2 1 , ®®BJ*ftaO f «il& 
E^22, *7A7K1/^H2 3, *7Af3-y24 
A«p«*'J-t^«ei 0<OTS8«1SI-Efi$ft*o * 
7 A^ES&cO-t V.XT y-?mi&2 5, n7*[s]g&07- 

K1"*B*2 8**>-=e';-t;i/S51 0©*ttMHtffcB«S 
ft£o 

[0 0 5 3] *#«jfcH\ 0 1 0 ic^i-j: 7 K, 

s«3 oizm*mn3 1 t»^«-siffiM3 2 ttmi&z 
ft& 0 ;o»?«3 1 <7)*«#*«3 o±icr- hW, 
I3 3«?n, i<oy-FSS3 3^^*iff 

$3 1 ftCV-VKW >1£»JB3 4^SSl$ftSo 
;jiCJ; 0, MOS h5>y^; 3 5* ? ?glS;£ft, £<0 
MOS h7>y^? 3 5^x.tftT y h i£|gl& h 9 > v 
^2 1t^ 0 #«^*«3 0±ro®Rli»^SI 

3 6fli: ttESUS 3 7 $ ft, i WKSl 3 7 HflVi 

x.lflIEMy f ME^2 2i:^S < , LT, iOBS 
&m 3 7iV-VKl"fvtM3 4 
9? imZ 8"P»«*ft, E^3 7 tI*ffiL7- K 
j^l 4 bi#«2©3y^? H3 9tgg?W„ i 
fticiij, •Bi!f.E^S.y f S«feElt2 2**tf-y Y®MWiY 
7 > v^. ^ 2 i Km&Sr-^-x., C © If y h ^fglt) K 9 > 

->*^.^ 2 1 a*# 

-b;vgBl 0<o^«^3EftLfcVff h«l 3tcti "1" , 
"0" *IJtfflO-tv^TV7 f 0tt2 5**«iBc$ft<&o 

[0054] ±e# 2 <r>nmrm\- 1 ftif , « 1 
[0055] ^ i osiftjgaRtra*^, ^v-t 

;vgBl 0 OT«B ! RS^^E«$ft-i>ra332ll]KSB2 0« 

ti0 9 iaK^ffi^$ft-f, ^-ty-t^SBi o©n 

gB^«HwEfi$ftfe-b>^T V7151S&2 5-^7- K*HiE 
2 6^<D#£&*EiiSUS K5^^^ 
'J-b^SBl OOTSP^l'EfiLTt iv>o 

[0056] [« 3 (omm^m'] m 3 <ommmm «±, * 

^^MR A MiS« n ->* y ^ SS& I* Sffl L fc«T*> •) , 
n V y ? EB&SBW— SB 4- > * V * ^»<aT8B^#KES 

[0 0 5 7] 01 1 (A) l±, *Hi^3 0SIfl 

cffi^fltflBnasBoTiBias-si-o hi 1 (b) 

(i, 01 1 (A) <DXIB-XIB^^f&o^#-««:|S1t^ 

[0058] 011 (A) (B) KlTF-tJ: 7 ^, MR A 
MtS«f" y 7*14, ^^'J-b^SBl 0t, ^a®KSS20 



(7) 
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y ? EUSSB 5 Ocomi <Ou Vv *@8&SB5 0 ali>*y 
■fe/uSBl 0OWflBS«*^EltSit, *[0&8C 5 0 

Oft 2<on>?y ^Eftffis 0 b ii> * V 1 0 OT 

[0 0 5 9] Ell 2fi> aSSiHiiMRAMfyy 

o¥-mm*7Fi-o mi 3 (a) a. 11 2oxiiia-xi 

II AHlCi&o fctt#OM R AMf 7 ^BfIH*^to 

mi 3 (b) I*. *&m<Dmi<DmMi&mz%2>MRA 

[0 0 6 0] ±IEft3 0|g;te®JgKJ:*U2\ oy>^§ io 
g&SB5 0O[Ug§O-SB (*2^nyy^BB»5 0 b) 

>-*y-fe;i/gBl 0 OT8i«i:Et L fc* 2 O n y ^ ^ 
EJ&8B.5 0 b Ojfrrtftt. o^y^III»«5 OOgffil^ 

[0 0 6 1 1 f m 1 2 lC7f<i~ <fc 7 MR AM 

<#*tT^*y -fe^SCl 0 tn?^^| 
885 0^:^^0 813 (A) tzm-f J: -) tc. 

v^-^4 5^4LW; 0 ft3 0HM2 

«*:J:ntf, Hi 3 (B) 3 
*4 5 34«#*£Lrv»fc>*y -feiUlBl Otf>Tffi®i*K, 
ny?^iB»5 0OBBO-» (* 2 *>n$; y ^Btt 
SB5 0b) ^SBM^^r^o itUCJoT. >*y-te>u« 
1 0OT«B«****»SfflS*t. MRAMf 7^18 

[0 0 6 2] *3 0HJfc^S8^i5V^T, ^-ty-fe 

1 0OT»««t:iin ^0Sgj5 5 0 o— g&o^ 30 

[0063] [» 4 osas«»] si 4 oiftfiii, m 

[0 0 6 4] B14I1, *55WO*4^iaft3g]B*c«-& 
**#IH««*OBfWEI4:^i-o -Oil 4ii, >*y 
-fe;l/«l 0 ^^^2H]8aS2 O^ftf^iSSr^LTV^o 

[0 0 6 5] Ell 4i:/7tJ:^:, »2 0Hl*Jg«tra 

>^ey -fe;HI5 1 Of*. TMRf^l 1 . feTy MR 40 

1 3. ##ii*7- mi 4 a. Wt^&LV- K« 1 4 
b S*l*o 

[0 0 6 6] — ^SIUI&SB 2 0 O— ^^'j-b 
;vg&l 0<DTe&«*KE«£*U S^EJKSB 2 
»»tt>*y-feiHH 0 tratBf»-cE«l**«JSSit 
£o "Tftte^, **#*S3 0±frCMOS h ?>*J*9 
3 5**J£jffi3*U :(7)MOSF7>y^^3 5^V-^ 
/HW >jEt!3 4i:»103>^^ 1 
£*l£ g iOJSlO3>^^h8 6 1i:*l<0Eifti6 

2 a#*«Sii, £<0ftlOEi^6 2 a fcEBBLfcft so 
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1 (0E«ie6 2 bo-£Bllg!^aJL7- K* 1 4 bTi: 
g£*£;M&o oi^ fti <D&mJ§6 2 bfi> >*y-fe 

/u« i o *>t*KMW» & > * y * i o oMi^ 

§l§ffi^n^>o £03l*ffiSftfcftltf>EIIW6 2 bli 
|203>^M6 3£^LTft2 0@S£§yf 6 4 fc» 
iO*20E«l64li*303>^^H6 

5 *^LTft3 0Ett«6 6KS«£;fu C:c0ft3<0K 
«l6 6lii4i03>^^H6 7£^LTft4 0Ei& 

[0 0 6 7] ^jatuBSSB 2 o <o&mmm 6 4 . 

6 6. 6 8 (1. >^y-b;i/ffil O^E^i 14b> 1 
3. 1 4 aO— »*&44o |4^3>^ h« 
6 7tt>*y-fe^ffll 0^)TMRi?l 1 O— «;&*5>fc 
£o JS2[US§£B2 0^2OESi6 4. ft 3 
OEISi 6 6. *4©3>J'*H67, ft4 0EI§lJI 
6 8 11. ^*U*/HH0O||*IBL7-K*14b, 
fcf y MR 1 3 ^ TMRffll, tia*7-'K»14 

[0 0 6 8] TMRfT-1 1 Ojgffili. -«ttK 

1 KO • fx m2gJS"C*^*«. flitfl 0 0 H • ^ m2 
^ 1 0 n • M m2«ftKT*f&£ 4 pJtgT^^o Z(D 
tztb, XVS^l ^mZSKoTMRf? 1 1 
i o offl^H-afc^fc*^ ioon-//m2xioo 
= i n. 100^1112x100 = 0. in^^^o«i 

tl^o ffiot, TMRS^-l 1 iZ3>?? hmt It 

[0 0 6 9] ±E»4 0jt*»»^J:*L», TMRf? 
1 1 «rn>** MO-a (*4©3>^*H67) 

a*7-Kil4a, TMRi^ll, If * Mft 1 3 . 
7-KI14 b^*i§iS[nlKO-^<h Ltgfflt^c 

[0070] ftjs, i4o»iii, ^-ty-fe^ffli 

1 TMRf^i 1 ^>f * - KSO-fe;i/fl|jg 

[0 0 7 1 ] [ft 5 ft 5 0!>Xtt«ttUft£ 

#*#fS1S^e(i. TMR«?tMOSF7>v^n 
TMRIT-+ 1 h7>v^^lM^S 

[0 0 7 2] Ell 5 tt. 5 OXJfc&KtCff * 

**#IS'IS^g0^pffiEl*^i-o B16I±, 121 5C0XV 
I-XVIj»^»ofc^»#E«««0»fffiH«:S'to 111 
7(1. BB1 5^XVII-XVII«»ci&ofc**fls:EflHI«tf!) 

[0 0 7 3] 111 5i:fti^^ Dt5 0|tMi»S(z« 



(8) 
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3-y2 7#Et?Wo f LT, *7Afn-^24 

&S2 8ri*?0;frftKEeSft* o £*ifc*?A7 K^*H 

2 3Mn^r Kl/^«2 8 14. ^'J -teJi'ffi 1 

o*tfcv*"C. £ *l <b * y -t ;w«b i o« («x.tf 

4*X«8*) <9lf y MSUU4 7- Mft (H^r) £ 

[ 0 0 7 4] m 1 6 K^r* 3 g5(7)Siiil:# 
^**#E**«©>*y*^«3 Oti, TMRf? 1 

3 . if ? Mill 3. 7- mi 4 . MOS Y9>*J*9 
3 bfrhmi8uZtiZ>o CKEM^y -fe^SBl 0"CJ4. if? 
Mfcl 3 i: 7 - K*l 1 4t #Zv^ iiiff^i- 

y **ttfcJS*B»fcE1IS*u :ii«^»i3t7 

& c £OTMR*T-l 1 fc»fc*oT14rJV*KMOS 
3 5li*h *203>^^H 3 8, 3 9.ESW3 

[0075] Ell 6. Ml 7 Ktf-?±7^, % 5 <D^M 

ii. ^*y*;HKi 0<7)Mt:Kt^tL^ o 
K*14iHI»i:»jt?^ ifv 3TOBMBME 

a^n^o Sfc* *^at ki^^*2 3 ^^ey-t^ 

gB a 0O^Jx.(fE«IS3 7 fcnWMwjgjfcSi'U 7- K* 
] 4 TOKH^E«StL*o * IT, TMRtfl n: 
gSf^lf7h^l3(^ LSI^tJSt^E«I^f 

[0 0 7 6] ±B1* 5 0«tf 4**#E«8i 
<D§£&^ * tt^ffi LlM^4J^TO J: ? \zrxt>ftho 

[0 0 7 7] Si*. tt*0-fe;v^flt»Sr«F§atr»^ 
D->7Kl/^»2 8»:J:97-Kai4#l«S^ * 
7A7K^*2 3 fci *) \£y hMkl 3#«?Sft*o 
ioa*?3tt*:7- Mftl 4X^9 ^13C<toT 

m^i 1 k "o w xtt M i" ot*- *i* 0 

:co$liii fiaf-J^WS (0" 3U4 "l" ) ti> 
[0 0 7 8] tt*04r^O««*«*aJi-»-&, 

a#?-b^u»**tLfc-fe^a*? ^ ^ >v** 3 5<dv- 

MS3 3^0NCt4o ^ixt'J: »9 > W^ft LflESK- 
14. fcf? h«l 3-TMRf^l 1 ~TSiSm«7 0-0 
2<D?>?? hl§3 9-Ei»/i3 7 -0 1 <Ozi>** h 
S3 8--fe^aiRh7>v^^ 3 5 7 1 O 
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[0 0 7 9] ±E0 5 <&|U6«8fc J: *Uf . 
20On»)7 Kl/^»2 8^*7^7 Kl/X«2 3 * > 
*y-fe;i/» 1 0OfcfyMftl3*7-M&l 4TOBBH 

cElitv^o got, >*y-fe/i/«Bi ortowiw* 

[0 0 8 0] S*:. n-)7KU^«28t«ii.tf7-K 
10 «1 4 imn#K?Bja;U *?A7 KV**ft2 3 £00x1* 

ge^3 7 tm^zj&j&i- & z t ± to. msim^U2 o 

[0 0 8 1 ] tfz. S*. n^7 Kl/*i&2 8 A 
7^*1512314. ^^ey-t;i/»i 0O±SR««^E« 
S*lTV*fc 0 oi^ u^7 Kl/^iB2 8^*7A7K 
l/^«2 3WMO^ 3 0 0t;+fl8KO»»ttT* 
STMRITI 1H. |*lK:J:4H»#ti:*«* 

KWA2 8^*7^7 KUJ*»2 3 ^TMRiT- 1 1 
20 J: GTlwEHS-SrSfc*. n-)7F^H2 8^*7A 
7K^»2 SiML^^TMRf^l 1 *®*"C 
ftot, ±2t&i«!!li:J: ^TMRSi^l 1 — 

[0 0 8 2] ttz, TMRl^l 1 14. «jtXS^i5V^ 
T * y - > * - A 4: z id If h S it K fit * 1" * *T IK 
tetf**>& 0 ZtDtztb. TMRST* 1 1 *«TII6&R*>*Ji 

[0083] [«6 ofgisusn « 6 on-site, m 

30 5 C0*i«i®aS^-fe^*aS*. TMRt^tpng^ 
Kfcft^fcHi:*: 1 TMRS?+ 1 KIO 

[0084] 118li, ^6 0*tt®ffiU«***#E 
HKltOlf ^ Hft^lfiini&ofcWfffiHi^i-o mi 9 

IqJiCi&ofcUfffiHSr^-J'o HI 8 14. Ill 5 OXV 

I-mi»n?&ofc^*#E«»«^>IBf1B^*)i9. HI 9 
(4. HI 5<OXVII-XVII»^i&o3t^a:#Effi*«<OBf 

40 [0085]H18.H1 9tC^i-J:^tC, ^^y-fe^ 
ffil 0OT««**wlftx Mill 3^|Sli:*7A7 Kl/ 
^»2 3#El?ft4o uO*7A7 K1/^U2 3 OT 
«««IC7- K«l 4 <D-hn\ZV*pT K V^»2 8 # E 

[0 0 8 6] ±E*6 0«*»«IK:fll***«:E1Wt« 

[0 0 8 7] Si*. «*0-b^Hflt**»Sjitr*-&x 
n^7K^«2 8f:J:0 7-K»14i s l«!?n, ^7 
7A7 Kl/^«2 3 ICJ; 19 If y h^Rl 3^S*R$tt^> 0 
50 Z<DM$lZtLtzy- K«l 4X^9 h«ll 3 tCioT 
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m=Fl 1 K "0" X(4 "1" Or'-^Si&f *L* 0 
tt^.r'-^coas (0" X(4 "1" ) 14, 
\£-y Y& \ 3XI4«7- Kigll 4 KSSft-SltaEO^-f fifr 

[0 0 8 8] tt*o*^ofli«*»*aii-#*, 
miK-t^izmm^ntzn'y vmi 3 1 7- mi 4 c 

«, TMRff 1 1 i:E5!l»ttS*ifcf , '<' *- Kl 2K 
*tLxmHfS}£&& * -5 iotl, ^ 

Stt-feJl/KSfclSnfclfy F«13t7-K«14 (C 10 
14, ^tf-Kl 2 t-j^LTig^|D]i J: -5 &1lJEE£- 

P n&^^*- F"r*ofc*ft\ JSTOS; (1) 
(2) OH«*lfct^77lEVe,n, V 
7- K*£lf? hl&l 3 t 7- K&l 4 tc-E-tL-T^x. 

[0 0 8 9] 20 

«Ws*:vif,«>V9-i'i- (l) 

*«R**:Vk,|.«<V'7-KI- (2) 

[0 0 9 0] S^K, ft6 0>|y6^!gU4, $5 0?tlft& 

©097 KU-XiSl2 KPXi£5l2 3 ^Kef 

MRAMf- y yoffiStS" $ t> iz$fit 
/M"-2>i i^BT^T**^> 0 30 

[0 0 9 1 ] & 45, ft 6 OHMff^T-fi, *7A7K1/ 
*i&2 ZtfX3*?T h'UA&2 8<0±SUBBBS*trv^ 
itL»cPl^$^^v» 0 tffl^lf, U77KWS2 8 
>0 J *9Ar KU*i&2 3<75_Uf KBBB£:ft.T<£> 4v>L, 
HI 1 6 Ic^-Ti 7i:D77 KW*«12 8 £7- K& l 4 
^-fgiCMLtfe^, fliroif? hfei 3T 

2 8 »ii*;r uUjjSS^T iv> c 

[0 0 9 2] -E-Oflfe, #3£9§(4, ±f5#HJai^!itcSBjg 

?*i.ak<o-ci4fc<, itita*-ett-e-o*i , *»KL* 40. 

[0 0 9 3] 50 
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So 

[HM<DfKm^Si^] 

[0 1 ] #f£?g<Dft 1 <OHife^®^#fe*^#:gE«^ 

[02] *%w<fi>mi<o%mr>m.K&*>z>*mmim.%i 

[0 3] 13 2, H3<0III-Iim»Cf&ofc**fl:|ailit 

[04] B4 (a) a i m. v > *frm&mm<»TMRm 
^iTF-tmwm. H4 (b) a ifih >^^s^-«itco 

ti&O T M R 4- jjS-T BfMHo 

[0 5] HI 5 (A) J42*h V*^»^-fl|jiOTMR* 
^fcfc-fWME, 0 5 (B) I121h y*fr&&m3k<n 
ffiOTMRff-^fflrllo 

[0 6] 0 6 (A) !iffi*SfCiSMRAMf 77*^ 
/TtfEEl, 0 6 (B) (4#|§95<Oft 1 OJtitigHKJ: 
SMRAMf r^^-r^PMIHc 

[0 7] 0 7 (A) (411 6 (A) <OVIIA-VIIAH(C?& 
o£6e5fc<DMR AMf7 rS-^-f ffirffiH, U7 (B) {4 
0 6 (A) (DVIIB-VIIBigUCi&ofcftl OHife^lC 
§4MRAMf '7 P 4-^i"lfi ; ®0o 

[0 8] *5&l§Oft2 0Hife^^#to-&*##fB1SS 

[09] *&w<Dm2<DmnmmK&frz,*mmmgi 
[010] as, m9 (Dx-xmzfe^fz^mmiigMW. 

[011] 3 <OHJSJg^tC#*>-5^#:iB1S 

^g£^-f¥®0o 
[0 12] 01 2(4, a^atl^^MRAMf-^/ir 

[0 1 3] 01 3 (A) {4, HI 2 OXIIIA-XIIIAigl 
Cj&o^*(OMRAMf 7^^fffifffil > HI1 3 

(B) (4, *§tm<om 1 4>lllfiHRKft*MRAM?-7 
y=£r^-rKfM0o 

[014] Wft 4 CDHifeJgSI K#fr*#-3i:#:gE1£: 

^fi^^-f Bf®0o 

[015] ttmnmsv&Hti&mztotf&^mit&vt 
[01 6] 01 5 <ozn-wimz%i-?tz¥-mmmmw. 

Sr^i-»fffi0o 

[0 17] 0 1 5©XVII-XVH«K»ofc**#|E«» 
[0 18] ^«9lOft 6 <0HJfe^S(=|Kt>£#3i#:fait 
[0 19] *%£Oft6a?gi&^8£ftfc&i|i*tt:|E1t 
[02 0] 02 0 (A) (4ft 1 K J: 
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E**S**i" s FlBH, 120 (B) f*02O (A) O 
XXB -XXB*fc»9 fc**#E««E«0»flBiao 

[B2i] B2i (a) &m2<D'&*mMK$.h*mfe 
%mmw.*7*-?w-mm, 02 1 (b) 1*1212 1 (a) <o 

niB-niB«C»9fc**<ME«»*«>KlBHo 

[02 2] 02 2 (A) ItflSOftAttfRKJi^^iVff 
BH^tti^i-^ffiH, 02 2 (B) Ii02 2 (A) O 
niIB-niIB«lK»o*:*»{ttB1tit«OKiBBB. 
[02 3] ftJMHfKii^flctlWSBtr^i-sFlB 

0o 



1 0" 




1 1 


•TMR*^ 


1 2 • 


■p njfrfr^*- K> 


1 3- 


■If* MIL 


1 4- 




1 4 a 




1 4 b 




2 0- 




2 1 - 




2 2- 




2 3- 




2 4- 




2 5- 




2 6- 




2 7- 




2 8- 




3 0- 




3 1 - 


***** 


3 2- 


K^fllMl*, 
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*3 


3- 




3 


4... 




3 


5... 


MO S h7>yX^ 


3 


6- 




3 


7... 




3 


8- 




3 


9- 


1203 * Mi. 


4 


1 . 


4ia. 41 h-mmmm. 


4 


2. 


4 2 a. 4 2b-4>^;VS^I^ 


4 


3- 




4 


5- 




5 
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